Elevated tumor cyclooxygenase (COX)-2 activity plays a multifaceted role in non-small cell lung cancer (NSCLC). To elucidate the role of COX-2 in the in vitro and in vivo expression of two known NSCLC angiogenic peptides, CXC ligand (CXCL) 8 and CXCL5, we studied two COX-2 gene-modified NSCLC cell lines, A549 and H157. COX-2 overexpression enhanced the in vitro expression of both CXCL8 and CXCL5. In contrast, specific COX-2 inhibition decreased the production of both peptides as well as nuclear translocation of nuclear factor B. In a severe combined immunodeficient mouse model of human NSCLC, the enhanced tumor growth of COX-2-overexpressing tumors was inhibited by neutralizing anti-CXCL5 and anti-CXCL8 antisera. We conclude that COX-2 contributes to the progression of NSCLC tumorigenesis by enhancing the expression of angiogenic chemokines CXCL8 and CXCL5.
INTRODUCTION
Cyclooxygenase (COX) is the rate-limiting enzyme for the production of prostaglandins (PGs) and thromboxanes from free arachidonic acid (1) . The enzyme is bifunctional, with fatty acid COX and PG hydroperoxidase activities. Two forms of COX have been described: (a) a constitutively expressed enzyme, COX-1, present in most cells and tissues; and (b) an inducible isoenzyme, COX-2, expressed in response to cytokines, growth factors, and other stimuli (2, 3) . We and others have reported that COX-2 is frequently constitutively elevated in human non-small cell lung cancer [NSCLC (4 -7) ]. High levels of COX-2 mRNA and protein expression correlate with a poor prognosis in this disease (8, 9) . In agreement with these clinical data, lung tumors with high COX-2 expression metastasize at high frequency (10) , promote angiogenesis (11) (12) (13) (14) (15) , and are more resistant to apoptosis by various stimuli (16 -19) . Our previous studies documented that COX-2 expression in NSCLC promotes immune suppression and tumor invasion (4, 20 -22) .
Tumor progression is dependent on angiogenesis. Net tumorinduced angiogenesis is due to an imbalance in the overexpression of angiogenic factors as compared with angiostatic factors (23) . Previous studies have documented the role of two CXC family chemokines, CXC ligand (CXCL) 8 and CXCL5, in human NSCLC (24 -33) . The CXC chemokine family consists of a number of structurally related peptides that are either angiogenic or angiostatic. All angiogenic members of this family, including CXCL8 and CXCL5, possess a 3-amino acid motif, the glutamic acid-leucine-arginine (ELR) motif, which immediately precedes the first cysteine in their CXC motif located in their NH 2 terminus (34) . The angiogenic activity of ELRϩCXC chemokines is mediated via the CXC motif ligand receptor 2 [CXCR2 (35) ]. CXCR2 has been shown to bind all ELRϩCXC chemokines, including CXCL8 and CXCL5, with high affinity (36 -39) . The expression of CXCL8 and CXCL5 is up-regulated by nuclear factor (NF)-B (40 -43) . NF-B, a heteromeric transcription factor, is activated in response to many stress signals. Factors activating NF-B-related gene expression initiate degradation of the cytoplasmic NF-B/IB complex and subsequent translocation of NF-B into the nucleus, where it activates gene expression (40, 44, 45) .
The current study defines a role for COX-2 in the expression of NSCLC angiogenic peptides CXCL8 and CXCL5. We have found that COX-2 up-regulates both the in vitro and in vivo expression of CXCL8 and CXCL5 in NSCLC cells. Our data suggest that COX-2 up-regulates the expression of these chemokines by activating NF-B nuclear translocation. In vivo, the COX-2-enhanced expression of CXCL8 and CXCL5 was associated with enhanced NSCLC tumor growth and angiogenesis.
in a sandwich ELISA, these antibodies are specific for either CXCL5 or CXCL8 without cross-reactivity to a panel of 12 other recombinant human cytokines or the murine chemokines CXCL1, CXCL2, and CXCL3.
Growth Conditions. The A549 and H157 cell lines were plated in standard 6-well plates (Corning Inc., Corning, NY) at 20 ϫ 10 3 and 40 ϫ 10 3 cells/well, respectively. The cells were grown for 24 h, at which point SC58236 at 12.5 M was added into the plating medium. Seventy-two h later, supernatants were harvested, and cells were counted by hemacytometer. Cells were grown in duplicates for all conditions. For purification of total RNA, the experiment was scaled up in 10-cm Petri dishes (Becton Dickinson, Franklin Lakes, NJ). In experiments with BAY-11-7082, the cells were plated in 6-well plates as described above and grown for 72-96 h, at which time-point the wasted medium was removed and replaced with fresh 10% FBS-RPMI 1640 containing BAY-11-7082. The cells were then grown for an additional 24 h, trypsinized, and counted, and the supernatants were analyzed for CXCL8 and CXCL5.
Blocking PGE 2 with Neutralizing Anti-PGE 2 Monoclonal Antibody. H157-S, H157-V, A549-S, and A549-V were plated as described above and grown for 96 h in 10% FBS-RPMI 1640, at which time-point fresh medium was added for the final 24 h of incubation. For the final 24 h, cells were divided into four treatment groups: (a) control mAB; (b) neutralizing anti-PGE 2 mAB; (c) control mAB with IL-1␤ at 200 units/ml; and (d) anti-PGE 2 mAB with IL-1␤ at 200 units/ml. All groups were grown in duplicates. Our previous studies show that IL-1␤ is a potent inducer of both COX-2 and PGE 2 in A549-S, A549-V, H157-S, and H157-V cells. In contrast, the A549-AS and H157-AS cells produce very low levels of PGE 2 , and they were therefore excluded from the anti-PGE 2 mAB experiments (21, 22) . PGE 2 Enzyme Immunoassay. Cells were stimulated with IL-1␤ (200 units/ml; Genzyme, Cambridge, MA) for 24 h. PGE 2 concentration in each group (with or without IL-1␤ stimulation) was measured by enzyme immunoassay using a PGE 2 enzyme immunoassay kit (Cayman Chemical, Ann Arbor, MI) as reported previously (21) . All measurements were made in duplicates.
CXCL8 and CXCL5 ELISA. The concentrations of CXCL8 and CXCL5 were determined as described previously (24, 25) . The antibody pairs and standards were purchased from R&D Systems. For CXCL8 ELISA, MAB208 was used as a coating antibody, and BAF208 was used as a biotinylated antibody. For CXCL5 ELISA, MAB254 was used as a coating antibody, and BAF254 was used as a biotinylated antibody. The 96-well MaxiSorp ELISA plates (Nunc, Rochester, NY) were coated with a capture antibody overnight, washed three to four times in PBS/0.5% Tween 20, and blocked with PBS/2% BSA for 1-2 h. After washing the plates as described above, the wells were incubated with supernatants (50 l) for 1-3 h. The biotinylated antibody was added after washing the plates, and cells were incubated for 1 h. Horseradish peroxidase-conjugated streptavidin (Jackson Laboratory, Bar Harbor, ME) was added after washing the plates, and plates were incubated for 30 -45 min, followed by three to four washes. Peroxidase and tetramethylbenzidine peroxidase substrate (Kierkegaard and Perry Laboratories, Gaithersburg, MD) mix was added for 5-10 min, and the reaction was stopped by 1 M phosphoric acid. The A 450 nm was determined by Bio-Lab Benchmark Microplate reader (Bio-Rad, Hercules, CA). Each plate contained appropriate standards for the standard curve.
Northern Blots. Total RNA was purified using the RNeasy Midi kit from Qiagen (Valencia, CA). Ten g of total RNA from each cell line were fractionated in formaldehyde gel, blotted onto nylon membrane, and hybridized under high-stringency conditions with CXCL8-and CXCL5-specific probes. The CXCL8-and CXCL5-specific probes were generated by PCR using [␣- 32 P]dCTP (specific activity, 3000 Ci/mmol; Blue/Neg/513H; PerkinElmer, Franklin Lakes, NJ). The unlabeled, specific CXCL8 and CXCL5 templates for PCR labeling were generated by PCR using the total cDNA from parental A549 cells. The initial 5-min denaturation period at 95°C was followed by 40 cycles of amplification, each consisting of denaturation at 94°C for 30 s, annealing at 60°C for 30 s, and extension at 72°C for 20 s. The following primers were used: CXCL8 template, CXCL8FOR1 (5Ј-ACC-TTT-CCA-CCC-CAA-ATT-TAT-CAA-A -3Ј) and CXCL8REV (5Ј-TAA-CCA-GGA-ATC-TTG-TAT-TGC-ATC-T-3Ј); and CXCL5, CXCL5FOR1 (5Ј-ACC-ACG-CAG-GGA-GTT-CAT-CCC-AAA-A-3Ј) and CXCL5REV (5Ј-GCT-AAC-TAC-TGG-GGA-AAC-CAA-ATA-AA-3Ј). The resulting CXCL8 and CXCL5 fragments were purified from agarose gel, and small amounts of them were used in the second round of PCR to generate the [␣-
32 P]dCTPlabeled specific CXCL8 and CXCL5 probes. The forward primer for labeling the CXCL8 probe was CXCL8FOR2 (5Ј-TTG-AAG-AGG-GCT-GAG-AAT-TCA-TAA-A-3Ј), and the forward primer for labeling the CXCL5 probe was CXCL5FOR2 (5Ј-CTG-AAG-AAC-GGG-AAG-GAA-ATT-TGT-C-3Ј). The reverse primers used for labeling were as described above, CXCL8REV and CXCL5REV. The labeling was carried out in standard PCR buffer in a total volume of 20 l at low nucleotide concentration. The final concentration for each of the cold nucleotides (dATP, dTTP, and dGTP) was 3 M, and the concentration of [␣-32 P]dCTP was ϳ2 M. We used ϳ10 l of radioactive dCTP per 20 l of PCR labeling mix. The same cycling regimen as described above was used for PCR labeling, except that a total of 45 cycles of PCR was carried out. The ␤-actin probe was amplified from total cDNA from parental A549 cells using the same PCR regimen as described above. The following primers were used: forward primer, 5Ј-CCA-TCG-AGC-ACG-GCA-TCG-TC-3Ј; and reverse primer, 5Ј-TCC-AGA-CGC-AGG-ATG-GCA-TG-3Ј.
NSCLC Tumor Growth in Severe Combined Immunodeficient (SCID) Mice. Pathogen-free SCID Beige CB17 (8 -12 weeks of age) mice were obtained from the University of California, Los Angeles animal facility and maintained in the West Los Angeles VA Animal Research vivarium. All studies were approved by the institution's animal studies review board. Five million cells of each NSCLC cell line were implanted s.c. in the suprascapular area of BALB/C SCID mice. Tumor growth was assessed three times each week after tumor implantation. Two bisecting diameters of each tumor were measured with calipers, and the volume was calculated using the formula 0.4 ϫ ab 2 , where a represents the larger diameter, and b represents the smaller diameter. Each group consisted of eight animals. At the conclusion of the experiment (day 50), the animals were sacrificed, and tumors were removed and homogenized in antiprotease buffer. These tumor lysates were cleared of insoluble debris by centrifugation and frozen at -80°C. In three separate series of experiments, the tumor growth of NSCLC lines was monitored. In the first series, the tumor growth of untreated NSCLC cell lines was monitored. In the second series, the tumor growth of both SC58236-treated parental NSCLC cell lines was compared with that of their respective diluent-treated control. SC58236 was injected i.p. at 3 mg/kg body weight, 3ϫ/week. In the third series, the tumor growth of antihuman CXCL8 and antihuman CXCL5 (see above) antisera-treated NSCLC cell lines was compared with that of untreated control NSCLC cell lines. Both CXC antisera and the control antiserum were injected at 0.5 ml, i.p., 3ϫ/week. The tumor volume was determined as described above.
Rat Corneal Micropocket Assay of Angiogenesis. Equal volumes of lyophilized supernatants normalized to total protein were combined with sterile Hydron (IFN Sciences Inc., New Brunswick, NJ) casting solution. The anti-CXCR2 (see above) or control antibody (goat polyclonal) was mixed at a 1:100 dilution with the specimen to be tested and then added to the Hydron. Aliquots (5 l) were pipetted onto an inverted sterile polypropylene specimen container and polymerized overnight in a laminar flow hood under UV light. Before implantation, pellets were rehydrated with normal saline. Animals were given i.p. ketamine (150 mg/kg) and atropine (250 g/kg) for anesthesia. Corneas were anesthetized with 0.5% proparacaine hydrochloride ophthalmic solution followed by implantation of the Hydron pellet into an intracorneal pocket. Six days after implantation, animals received heparin (1,000 units) and ketamine (150 mg/kg) i.p., followed by a 10-ml perfusion of colloidal carbon via the left ventricle. Corneas were harvested and photographed. Positive neovascularization responses were defined as sustained directional ingrowth of capillary sprouts and hairpin loops toward the implant. Negative responses were defined as either no growth or only an occasional sprout or hairpin loop displaying no evidence of sustained growth. For quantitative analysis of angiogenesis in the cornea, corneas were further microscopically analyzed using NIH Image 1.55 software to determine vascular density of the ingrowth of the vessels.
Preparation of Nuclear Extracts. Cells (1 ϫ 10 7 ) were washed twice with cold PBS, and the cell pellet was suspended in 40 l of cell lysis buffer for 10 min on ice. Nuclei were extracted by sedimentation (microcentrifugation at 6,500 rpm) for 10 min at 4°C. The resulting nuclear pellet was then suspended in 15 l of extraction buffer C [20 mM HEPES (pH 7.9), 25% glycerol, 0.4 M NaCl, 1.5 mM MgCl 2 , 0.1 mM EDTA, 1 mM DTT, and 1 mM phenylmethylsulfonyl fluoride] and incubated for 10 min at 4°C with brief intermittent mixing. The mixture was microcentrifuged (14,000 rpm for 10 min at 4°C), and the nuclear protein was resuspended in 60 l of extraction buffer D [20 1854 mM HEPES (pH 7.9), 25% glycerol, 50 mM NaCl, 1.5 mM KCl, 0.2 mM EDTA, 1 mM DTT, and 1 mM phenylmethylsulfonyl fluoride].
Electrophoretic Mobility Shift Assay. Ten g of nuclear extract were preincubated in 20 l (total reaction volume) of binding buffer containing 20 mM HEPES (pH 7.9) 80 mM NaCl, 0.1 mM EDTA, 1 mM DTT, 1 mM phenylmethylsulfonyl fluoride, 8% glycerol, and 2 g of poly(deoxyinosinicdeoxycytidylic acid) (Amersham Pharmacia Biotech) for 15 min at 4°C. The reaction mixture was then incubated with 1 ϫ 10 5 cpm of [␥-32 P]ATP (3000 Ci/mM)-labeled double-stranded NF-B consensus binding oligonucleotide (AGT-TGA-GGG-GAC-TTT-CCC-AGG-G; Santa Cruz Biotechnology, Santa Cruz, CA) for 20 min at room temperature. The samples were then resolved by nondenaturing 6% PAGE in 0.5ϫ Tris-borate EDTA buffer, dried, and analyzed by autoradiography.
Statistics. Student's t test assuming equal variance was used in statistical analysis.
RESULTS

COX-2 Determines the Expression of CXCL8 and CXCL5 in NSCLC.
To assess whether COX-2 regulated the expression of ELRϩCXC chemokines CXCL5 and CXCL8, NSCLC cell lines transfected with COX-2-S, COX-2-AS, or pLNCX (vector control) were examined for the expression of CXCL5 and CXCL8 (Fig. 1) . The overexpression of COX-2 in NSCLC cell lines significantly increased expression of both CXCL8 and CXCL5. Conversely, genetic ablation of COX-2 expression significantly reduced the expression of CXCL8 and CXCL5. In fact, the mRNA and protein expression of CXCL8 and CXCL5 in H157 cells was completely suppressed in H157-AS (Fig. 1) . Furthermore, a COX-2 inhibitor drug, SC58236, inhibited the expression of CXCL8 in A549-S and H157-S cells (data not shown).
COX-2 Determines
vivo expression of CXCL8 and CXCL5, we used a SCID mouse model for human NSCLC tumorigenesis. As depicted in Fig. 2 , overexpression of COX-2 in H157 cells increased tumor growth. Conversely, the genetic inhibition of COX-2 suppressed the tumor growth of H157 cells (Fig. 2A) . In addition, in a separate experiment, SC58236 suppressed the tumor growth of the parental H157 cells in SCID mice (Fig. 2B) . Similar to the results with H157 cells, the genetic or pharmacological inhibition of COX-2 in A549 cells resulted in reduced tumor growth (data not shown). Consistent with our in vitro data, the NSCLC tumor content of CXCL8 and CXCL5 in SCID mice was COX-2 dependent in that both genetic and pharmacological inhibition of COX-2 lowered the in vivo CXCL8 and CXCL5 content (Table 1) . Also, the overexpression of COX-2 in NSCLC cells increased the tumor content of CXCL5 ( Table 1 ). The importance of CXCL5 and CXCL8 in COX-2-dependent NSCLC tumor growth was confirmed by the effect of neutralizing antihuman CXCL8 and antihuman CXCL5 antisera. Statistically significant reduction in H157-S tumor growth was observed in response to treatment with either neutralizing anti-CXCL5 or anti-CXCL8 (Fig. 2C) .
COX-2-Mediated Angiogenic Capacity of NSCLC Cells Is Dependent on CXCL8 and CXCL5. To determine whether COX-2-dependent angiogenic activity was mediated via CXCL5 and CXCL8, conditioned medium from H157-S, H157-AS, and H157-V was assessed in an in vivo angiogenesis assay. Compared with H157-AS, the supernatants of H157-S and H157-V exhibited a distinctly higher angiogenic capacity in a rat corneal pocket model (Fig. 3) . Because all ELRϩCXC chemokines bind to CXCR2 to mediate their angiogenic activity (35) , the angiogenic activity of the conditioned medium from H157-S, H157-AS, and H157-V was assessed in the presence of specific anti-CXCR2 or control antibodies. Conditioned media from H157-S and H157-V demonstrated constitutive angiogenic activity (Fig. 3) . However, when the conditioned media of these cells were assessed in the presence of anti-CXCR2 antibodies, the angiogenic activity was significantly reduced, to a level comparable with the angiogenic activity of H157-AS cells (Fig. 3) . The capacity of anti-CXCR2 to block the COX-2-dependent angiogenesis supports the hypothesis that CXCL8 and CXCL5 mediate a significant portion of COX-2-dependent angiogenesis in NSCLC.
Specific Genetic Inhibition of COX-2 in NSCLC Cells Decreases NF-B Nuclear Translocation. As shown in earlier studies, NF-B activity regulates the expression of CXCL5 and CXCL8 and angiogenesis (43, 48 -52) . In addition, nonsteroidal anti-inflammatory drugs modulate NF-B activity (53) . Thus, we sought to elucidate whether the expression level of COX-2 modulates the nuclear translocation of NF-B in NSCLC cells, and whether the expression of CXCL8 and CXCL5 in NSCLC cells is NF-B dependent. Consistent with previous reports, pharmacological inhibition of NF-B by BAY-11-7082 inhibited the expression of CXCL8 (41), as well as CXCL5 (Fig. 4A) . Also, genetic inhibition of COX-2 clearly down-regulated the nuclear translocation of NF-B in both sets of NSCLC cells (Fig.  4B) . These findings suggest that NF-B nuclear translocation plays an important role in the COX-2-regulated production of CXCL8 and CXCL5.
Endogenously Produced PGE 2 Modulates the in Vitro Expression of CXCL8. To assess whether PGE 2 modulates the expression of CXCL5 and CXCL8 in NSCLC cell lines, we cultured the A549 and H157 cell lines in presence of specific neutralizing anti-PGE 2 mAB or isotype-matched control mAB. Our previous studies show that IL-1␤ up-regulates both COX-2 and PGE 2 in H157 and A549 (21, 54 ). Therefore, we tested whether neutralization of IL-1␤-induced PGE 2 in H157 and A549 culture supernatants modulates the production of CXCL8 and CXCL5. We expected IL-1␤ to increase the production of CXCL8 and CXCL5, as well as PGE 2 , and the anti-PGE 2 mAB to decrease this IL-1␤-stimulated CXCL8 and CXCL5 production. Consistent with our previous data, IL-1␤ upregulated PGE 2 in H157 and A549 cells (21) and was accompanied by sharply elevated levels of CXCL5 and CXCL8, as compared to the control cells (Fig. 5) . The anti-PGE 2 mAB, however, significantly down-regulated only the CXCL8 production of H157-S (Fig. 5) , whereas the production of CXCL5 remained unchanged (data not shown). Thus, our results suggest a partial role for PGE 2 in ELRϩCXC chemokine expression.
DISCUSSION
Lung cancer accounts for more than 28% of all cancer deaths each year and is the leading cause of cancer-related mortality in the United States (55) . Despite focused research in conventional therapies, the 5-year survival rate remains 14% and has improved only minimally in the past 25 years. Newly discovered molecular mechanisms in the pathogenesis of lung cancer provide novel opportunities for targeted therapies of NSCLC (56) . These investigations in the molecular pathogenesis of lung cancer have presented translational researchers with new targets that may specifically impact carcinogenesis (57) . COX-2 is one of the novel targets under evaluation for lung cancer therapy and chemoprevention (58) . Table 1 In vivo expression of CXCL5 and CXCL8 in a SCID mouse model of NSCLC The NSCLC chemokine content was determined in the tumors resulting from tumor growth experiments (see also Fig. 2 and "Materials and Methods"). Expansion and maintenance of a functional vascular network serving the tumor are required for propagation, invasion, and subsequent metastasis. Thus, angiogenesis is requisite for tumor growth (23) and has been specifically implicated in the pathogenesis and prognosis of lung cancer (59 -64) . Several growth factors and cytokines have been implicated in tumor-related angiogenesis in lung cancer including vascular endothelial growth factor, transforming growth factors ␣ and ␤, basic fibroblast growth factor, platelet-derived endothelial cell growth factor, macrophage migration inhibitory factor, and ELRϩCXC family chemokines such as CXCL8 and CXCL5 (24 -33, 65-68) . As shown recently, a high level coexpression of vascular endothelial growth factor, macrophage migration inhibitory factor, and CXC family chemokines in NSCLC tumor samples is associated with high risk of NSCLC recurrence after resection (33) . Thus, it could be concluded that multiple angiogenic factors are simultaneously up-regulated in NSCLC.
Here we demonstrate the importance of COX-2-dependent regulation of ELRϩCXC family chemokines. Genetic and pharmacological inhibition of COX-2 significantly decreased these chemokines in lung cancer cells in vitro. Similarly, in vivo, COX-2 inhibition also reduced the production of CXCL5 and CXCL8. Most importantly, anti-CXCL5 and anti-CXCL8 antisera significantly inhibited the enhanced tumor growth of COX-2-overexpressing lung cancer cells. Thus, COX-2-dependent regulation of these ELRϩCXC family chemokines is important in NSCLC tumor growth ( Figs. 1 and 2 ; Table 1 ) but may not be the only activity that modulates NSCLC tumor growth. As shown by Hida et al. (69) , inhibition of COX-2 may directly reduce the viability of tumor cells. Therefore, the COX-2-antisense-mediated inhibition of NSCLC tumor growth (Fig. 2, A and C) should be interpreted as resulting from the net effect of COX-2 inhibition, in which down-regulation of CXCL5/CXCL8 plays a prominent role (Figs. 1-3 ). Our data agree with earlier studies demonstrating that COX-2 inhibitors limit the growth of tumors expressing COX-2. Previously, we have shown that both SC58236 and NS398 inhibit the growth of Lewis lung carcinoma (20) . Likewise, Masferrer et al. (13) found that a COX-2 inhibitor drug, Celecoxib, reduced the growth of both Lewis lung carcinoma and HT-29 colon carcinoma cells, whereas Williams et al. (70) showed that Celecoxib inhibits the tumor growth of HCA-7 colon carcinoma and Lewis lung carcinoma cells (71) . In keeping with these studies, Howe et al. (72) demonstrated that Celecoxib decreased the number of breast tumors in mouse mammary tumor virus/neu mice. A recent study also indicates that COX-2 inhibition reduces tumor growth in transgenic mice that spontaneously develop lung cancer (73) . Although a variety of antitumor mechanisms may be operative during COX-2 inhibition, it has been suggested that inhibition of angiogenesis is one of the important pathways (11) (12) (13) (14) (15) 72) . Our study indicates that the ELRϩCXC chemokines are critically important in COX-2-dependent NSCLC angiogenesis as determined by a rat micropocket model for angiogenesis (Fig. 3) . Specific antibody-mediated blockade of CXCR2 reduced the angiogenic capacity of the supernatants of H157-S and H157-V (Fig. 3) . The effect of anti-CXCR2 was comparable with that of genetic inhibition of COX-2 (see Fig. 3 , H157-AS). Thus, this finding supports our earlier data demonstrating that the majority, if not all, angiogenic activity of ELRϩCXC chemokines is mediated through CXCR2 (35) .
As shown in previous studies, the following regulatory events occur in NSCLC and the other types of tumors: (a) NF-B nuclear translo- Fig. 3 . Angiogenicity of H157 supernatants in a rat corneal pocket model. Corneas were captured using an Olympus BH-2 microscope (New Hyde Park, NY) coupled to a Sony 3CCD camera (Tokyo, Japan) and computer. The vascular density was quantified using NIH Image 1.55 software. Results were expressed as square pixels at ϫ20 magnification. Only one of five H157-AS supernatants was able to induce a sustained ingrowth of new blood vessels, whereas all five of the H157-S and H157-V supernatants did so. This figure shows that predominant angiogenic activity of H157 supernatants is mediated via the common receptor for ELRϩCXC chemokines, CXCR2, because anti-CXCR2 efficiently blocked the H157-S-and H157-V-induced angiogenesis. . A, cells were plated at 20,000 -40,000 cells/well in standard 6-well plates and grown for 72-96 h. At this time point, the wasted medium was removed and replaced with fresh complete medium containing a specific NF-B inhibitor drug, BAY-11-7082 (3 M). Cell supernatants were harvested, and cells were counted 24 h later. Supernatants were analyzed for CXCL8 and CXCL5. The H157-AS supernatants were not included because they contain no detectable CXCL8 and CXCL5. B, NF-B nuclear translocation in non-small lung cancer cells. Electrophoretic mobility shift assay (see "Materials and Methods"). 2 and 3 ). Our data suggesting that COX-2 drives the level of NF-Bdependent CXCL8 and CXCL5 expression are in agreement with earlier studies showing that nonsteroidal anti-inflammatory drugs inhibit the activity of NF-B (53). Also, our results for NSCLC tumor growth and angiogenesis are compatible with the recent clinical studies demonstrating that high levels of COX-2 mRNA and protein expression (8, 9) as well as angiogenic chemokines including CXCL8, CXCL5, and CXCL1 (27) (28) (29) (30) (31) in NSCLC tumor samples are associated with a poor prognosis.
The current study suggests a role for PGE 2 in the expression of ELRϩCXC chemokines in NSCLC cells (Fig. 5) . We interpret the fact that only the CXCL8 expression of H157-S was modulated by anti-PGE 2 as an indication that COX-2-enhanced NSCLC angiogenesis and tumor growth may have two distinct mechanistic pathways: (a) a PGE 2 -dependent pathway, as also described in previous studies (20, 74 -76) ; and (b) a PGE 2 -independent pathway. Our findings implicate both of these pathways in COX-2-dependent ELRϩCXC chemokine expression in H157 cells. It is possible that a unique repertoire of E-prostanoid cell surface receptors is required for PGE 2 to modulate the expression of individual ELRϩCXC chemokines. Additional studies, however, are needed to address this issue.
In conclusion, NSCLC COX-2 expression appears to be an important determinant for ELRϩCXC chemokine expression. As the current study shows, a high NSCLC ELRϩCXC chemokine content is associated with enhanced tumor growth, which can be reduced by inhibition of COX-2. Thus, our study confirms that COX-2 is a potential target for NSCLC chemoprevention or therapy, and it also implies that CXCL8 and CXCL5 could be used as markers of COX-2 inhibitor effects in clinical trials. Furthermore, our data suggest that CXCL8, CXCL5, and their receptors could be used as direct targets in future therapies of NSCLC. Fig. 5 . A, interleukin 1␤ increases the expression of prostaglandin (PG) E 2 , CXC ligand (CXCL) 5, and CXCL8 in non-small lung cancer cells. B, anti-PGE 2 monoclonal antibody antagonizes the CXCL8 production of H157-S cells (mean Ϯ SE of two independent experiments). As a control for anti-PGE 2 monoclonal antibody, an isotypematched control antibody was used (see "Materials and Methods").
